In a review of 10 270 canine necropsies, 55 neoplasms of the stomach and 64 neoplasms of the small and large intestines were diagnosed. A significant number of these neoplasms were malignant ( P < 0.005) and epithelial ( P < 0.005). Adenocarcinomas of gastric and intestinal origin were in dogs younger than the average age of 10 years. Average age for dogs with connective tissue neoplasms was higher than that for those with adenocarcinomas, and there was a difference in median ages of the various types of neoplasms. There was a higher percentage (65%) of gastric and intestinal adenocarcinomas in male dogs, whereas leiomyosarcomas of the intestines were more frequent in female dogs. Although no breed predisposition was found in dogs with gastric neoplasms, a significant number of the intestinal neoplasms ( P < 0.005), especially the adenocarcinomas, occurred in the Collie ( P < 0.05) and German Shepherd (P < 0.05) breeds. Twenty-six percent of the leiomyosarcomas also occurred in the German Shepherds. Half of the gastric adenocarcinomas occurred in the pyloric region (P < 0.005), and the greater curvature was the next most common site. The rectum was the most common site of intestinal adenocarcinomas, then the colon and duodenum. Leiom yosarcomas were more frequent in the intestines and occurred more commonly at sites where adenocarcinomas were less frequent. In contrast to all other types of intestinal neoplasms, primary lymphosarcomas of the intestines usually affected many segments. Four carcinoid tumors of the duodenum and colon were seen. Of the very rare neoplasms, there were two neurilemomas, both of the duodenum and having the same gross and histologic characteristics of this tumor in other locations.
Epidemiological studies of gastrointestinal tumors in dogs are less common than case reports of these tumors [ l , 3, 5, 7, 8, 10, 11, 13-18, 22, 23, 25, 271 . Among the epidemiological reports, more have related to total number of neoplasms in necropsy or hospital populations [ l , 5, 15, 18, 271 than in natural populations [8, 91 . Since a number of environmental factors are considered to be related to the gastrointestinal-tract tumors in man, a natural population study with long-term follow-up would be ideal and more valuable on a comparative basis than necropsy or hospital population studies. Because such studies are not economically feasible at present, necropsy and hospital population studies with histological confirmation will give insight into the frequency of gastrointestinal tract tumors in the dog. 
Materials and Methods
Materials for this study were collected from the necropsy files of the pathology department of The Animal Medical Center for a 1Cyear period (1962 to 1975) . The diagnoses were confirmed both grossly and histologically. All available medical records were studied regarding age, sex and breed of affected dogs and sites and clinical aspects of the different groups of tumors. Tissues obtained during surgery or at necropsy were fixed in 10 percent buffered formalin, processed and stained with hematoxylin and eosin (HE) and with special stains when needed (Mayer's mucicarmine, Masson's trichrome, periodic acid-Schiff, and van Gieson's stain).
The data were statistically analyzed with chi-square testing (STAT/BASIC for System 3, Model 6 ITF and VM/370-CMS Program Reference Manual (SH20-1069-2), IBM Corporation, 1973). The results were mentioned when significant.
Results
Fifty-five tumors of the stomach and 64 tumors of both the small and large intestines were diagnosed. The frequency of these tumors was 1.1% in the necropsy population. The different types of tumors and age, sex and breed of dogs with each type are given (tables I-VI). The average age for dogs with each type of tumor also are given (tables I, IV).
Malignant tumors were more common than benign tumors of the stomach and intestines (P < 0.005) and a significant number ( P C 0.005) of the malignant ones in the stomach and intestines was found to be epithelial. Among the connective tissue tumors, leiomyosarcomas were more common in the intestines, whereas leiomyomas were more common in the stomach. Four carcinoid tumors, equally distributed between the duodenum and the colon, were seen. Each of two Fifty percent (P < 0.005) of adenocarcinomas of the stomach and 82% (P < 0.005) of the intestinal adenocarcinomas including carcinoids occurred in dogs less than 10 years old, whereas 82% (P < 0.005) of leiomyomas of the stomach and 63% (P < 0.005) of the leiomyosarcomas of the intestines occurred in dogs more than 10 years old. The peak and median ages of dogs in the major groups of tumors were different in the various groups. The peak age for the gastric carcinomas was 11-12 years with a median age of 10, whereas for the intestinal adenocarcinomas, the ages were 9-10 years (P < 0.005) and 9, respectively.
Dogs with leiomyomas of the stomach had a higher peak (13-14 years) and a higher median age (16 years) than those with adenocarcinoma of the stomach. The same is true of dogs with leiomyosarcomas of the intestines (peak, 11-12 years; median, 11 years) in comparison with dogs with intestinal adenocarcinomas and with gastric leiomyosarcomas (table I) . The median age of dogs with carcinoid was 10 years and of those with neurilemomas, 8.5 years. All types of gastric neoplasms occurred more frequently in males, except for adenomas, which occurred more frequently in females (tables 11, V). Seventeen of 26 gastric adenocarcinomas were in males. Similarly, 22 of 34 of the intestinal adenocarcinomas were in males. Unlike adenocarcinomas of the stomach and intestines, leiomyosarcomas of the intestines occurred more frequently in females, although the total number of tumors of the intestines was almost equal in both sexes (table V) .
There was no breed predisposition for gastric neoplasms. Intestinal neoplasms had a predisposition for Collie (P < 0.005) and German Shepherd (P < 0.005) breeds. No breed predisposition was found for gastric adenocarcinomas, but a significant number of intestinal adenocarcinomas also occurred in the above breeds (Collie, P < 0.05; German Shepherd, P < 0.05). Although not statistically significant, a higher percentage (26%) of leiomyosarcomas also occurred in the German Shepherd dog. Carcinoids were in German Shepherd dog (l), Basset Hound (1) and dogs of mixed breeding (2) . T h e two neurilemomas were in a dog of mixed breeding and in a Lhasa Apso. The locations of tumors in different segments of the stomach and the intestines are given (tables VII, VIII). Involvement of the gastric wall by leiomyosarcomas and lymphosarcomas was diffuse, making it impossible t o locate the original site in most cases. Fifty percent of the adenocarcinomas with a reported definitive location were in the pyloric region (P < 0.005) and often extended both anteriorly in the gastric wall and posteriorly in the duodenum. T h e greater curvature of the stomach was the next common site. T h e leiomyomas, most of which were found incidentally at necropsy, were distributed at random and involved muscular layers of the different segments of the stomach.
In the intestinal tract, the ileum and cecum were the least often affected. A significant number of the intestinal adenocarcinomas was in the colorectal area (P < 0.005), the rectum being the single most often affected segment (10 of 34).
The colon (nine of 34) and the duodenum (seven of 34) were the next common sites of adenocarcinomas. In contrast t o the frequency of adenocarcinomas, that of leiomyosarcomas was greater in the jejunum and especially in the cecum where carcinomas were not seen. T h e carcinoids equally involved the duodenum and colon. Both neurilemomas were in the duodenum. In contrast t o all other tumors, 
the intestinal lymphosarcomas involved many segments of the intestines, both grossly and histologically.
Discussion
The frequency of gastrointestinal neoplasms was 1.1% of the necropsies in this study. The gastric (0.25%) as well as intestinal (0.33%) adenocarcinomas, which constituted the largest single group of tumors, had a higher incidence than that reported in similar canine populations [13, 15, 18, 23, 271 . The proportion of adenocarcinomas to other types of tumors of the stomach was similar to that in previous studies [13, 221 . The higher frequency of adenocarcinomas in the intestines contrasted with that reported in previous studies where lymphosarcoma predominated [ l , 51. In our study, tumors were recognized as primary lymphosarcoma of the intestine when segments of the gastrointestinal tract and its associated lymph nodes were affected and when presenting clinical signs related to the gastrointestinal tract. Our observations, however, agree with those in another study [13] in which sarcomas were less common than adenocarcinomas.
The average ages for the different types of tumors in this series agree with those in previous studies. It is significant that although epithelial tumors of both stomach and intestines occurred more frequently in dogs less than 10 years old, most of the connective tissue tumors including lymphosarcomas were in dogs more than 10 years old. Dogs with leiomyomas of the stomach had the highest median age (16 years). The sex distribution of dogs with gastric neoplasms (table 11) showed that a high percent of the total (62%) as well as individual types of tumors, except for adenomas, occurred in males. In the intestines (table V) , although a large number of the adenocarcinomas (65%) occurred in males, the leiomyosarcomas occurred more frequently in females (58%). A higher incidence of gastric and intestinal adenocarcinomas in male dogs has been previously noted [13, 161 , but none of the other findings stated above has been reported. A higher incidence of gastric and intestinal adenocarcinomas in males is also seen in man [16] and there is also a higher frequency of intestinal adenocarcinomas in the male cat [20, 211. Breed predisposition for dogs with gastrointestnal tumors has not been observed before [13] except in one study where the Boxer breed had a significant predisposition among the total number of gastrointestinal tumors including tumors of the esophagus. This was probably because lymphosarcomas in their study were more frequent and Boxers were found to be more susceptible to this disease [l]. In our study, a higher frequency of intestinal adenocarcinomas was found in the German Shepherd and Collie dogs ( P < 0.05). Furthermore, a higher frequency of leiomyosarcomas of the intestines was seen in the German Shepherds but was not considered statistically significant. A higher percentage of rectal adenocarcinomas occurs in the German Shepherd dog [13] . In man, the gastric and intestinal adenocarcinomas, especially those of colorectal origin, occur more frequently in certain populations; both environmental and genetic factors have been associated with these neoplasms [12, 291. We found no significant breed predisposition for the Boxer, a breed that is susceptible to specific chronic inflammatory diseases of the intestines. In man, however, a higher incidence of adenocarcinomas has been associated with chronic enteric diseases [ 191.
The pyloric region of the stomach was the most common site of adenocarcinomas in the dog [13, 161. In our study the small intestine, which comprises the largest segment of the gastrointestinal tract of the dog, had the least number of adenocarcinomas, whereas the colorectal segment, especially the rectum , with the least surface area, had more adenocarcinomas. This finding contrasts with that seen in the cat, where most of the adenocarcinomas arise in the small intestine [21] . The findings agree, however, with previous studies in the dog and with the incidence seen in man [ 5 , 13, 241. Colorectal adenocarcinomas in man in the United States are the most common of the visceral tumors [2, 121. The higher incidence of adenocarcinoma in the colorectal mucosa has been attributed to the slow passage of intestinal contents in colon and rectum, with exposure of the mucosal surface to carcinogens for a longer period [4] . Adenocarcinomas were more frequent in the duodenum than in other segments of the small intestine. This is similar to what occurs in man, but contrasts with the situation in cats where the ileum was the most common site [21, 24, 281. Our study also conflicts with a previous study where carcinomas in the dog were seen more commonly in the jejunum [13] . In this study, leiomyomas were more common in the stomach, whereas leiomyosarcomas were more common in the intestines. The leiomyosarcomas seemed to be more common in the intestinal segments where the adenocarcinomas were less frequent (table VIII) . Among the rarer tumors of the gastrointestinal tract in dogs were the carcinoids of the duodenum and colon. Carcinoids have been reported in the dog [5] .
Our report of neurilemomas is the first of such tumors in the duodenum; such a tumor has been described in the cecum of a dog [26]. 
